Another possible but important source of error is recognized, i.e., formation of large aggregates of microspheres, which would result in both nonuniform distribution of the spheres and might also cause hypotension if major channels to the heart and brain were occluded. For the prevention of aggregation, the microspheres are generally kept in suspension by addition of the surface-active, polyoxyethylene sorbitan monooleate (Tween 80; Fisher Scientific Co., Pittsburgh). Since the application of microspheres to the study of the circulation assumes that the microsphere suspension does not alter cardiovascular dynamics, it is surprising that despite previously demonstrated hemodynamic actions of Tween (4, lo), little attention has been focused on the effects of this agent, per se, when microsphere techniques are employed.
The results from preliminary experiments in our laboratory in conscious dogs indicated that significant hemodynamic changes occurred subsequent to left atria1 injection of microspheres, which were suspended in 0.05% Tween 80-10% dextran and whose dispersion was verified by microscopic examination.
To determine the cause of these adverse reactions we examined responses of conscious dogs to solutions of 10% dextran and Tween 80 with and without microspheres. Since microspheres are frequently used to assess intramyocardial distribution of coronary blood flow, particular attention was paid to the effects of lefi ventricular pressures and dimensions, i.e., important determinants of myocardial oxygen consumption and consequently coronary blood flow (2).
METHODS
Mongrel dogs of either sex, 20-25 kg, were anesthetized with sodium per&barbital, 30 mg/kg. The instrumentation was implanted through a left thoracotomy in the fifth intercostal space. Catheters were inserted into the left atrium for injection of microsphere suspensions and Tween solutions.
Left or a pair of crystals implanted across the ventricular wall to measure wall thickness (three dogs) (8, 12) . All animals were allowed to recover from operation for a period of l-4 wk before study. When the conscious dogs were resting quietly, recordings of left ventricular pressure, segment length, and heart rate were made. Radioactive microspheres (3M Co., St. Paul, Minn.) of either 15 ? 5 pm or 9 ? 1 pm in diameter were suspended in solutions of either .05 + .02% or .Ol ? .005% Tween 80 in 10% dextran. Aliquots (0.7-2 ml) of these suspensions were injected in the left atrium, followed by 2-5 ml of physiologic saline. To determine ifthe vehicle, rather than the microspheres, was responsible for the alterations in cardiovascular hemodynamics, the supernatant derived from the suspensions by centrifugation was injected into the left atrium in different dogs. To determine if dextran alone was responsible, dextran was injected into the left atrium.
while LV end-diastolic dimension fell by 17 f 6% from a control of 12.05 + 1.38 mm and wall thickness rose by 13%. In the seven animals in which this type of reaction was observed, these changes occurred from 0.5 to 2.0 min after the injection, were all significant, P < 0.01, and returned to control between 2 and 25 min. More prolonged reactions were observed in animals not included in this study, where more than 2 ml of .05% Tween was injected in the left atrium.
In a final series of experiments microsphere suspensions that were in .05% Tween 80 for several weeks were centrifuged. The supernatant was drawn off and replaced with saline. This procedure was repeated and the supernatant derived from the second centrifugation was injected into the left atrium of conscious dogs.
The second type of reaction (Type B) involved only decreases in cardiac dimensions and LV end-diastolic pressure while LV systolic pressure and heart rate did not change significantly.
In the six animals in which this reaction was observed LV end-diastolic dimension fell by 5.3 2 1.2% from a control of 15.70 & 0.99 mm and wall thickness rose by 5% while LV end-diastolic pressure fell from 10 +-2 to 6 * 1 mmHg. Peak dP/dt did not change significantly, which, in the face of reduced preload, may reflect a slight increase in the inotropic state. Figure 2 shows a typical Type B response. These changes occurred from 0.5 to 2.0 min and returned to control within 5 min.
RESULTS
Two types of adverse reactions were observed. The first (Type A > was more severe and involved systemic as well as cardiac changes (Fig. 1) . Left ventricular (LV) systolic pressure fell from 116 2 4 to 85 + 12 mmHg, while heart rate rose from 101 + 7 to 146 2 7 beatslmin. LV end-diastolic pressure fell from 7 rf: 1 to 3 & 1 mmHg, The number of dogs exhibiting each type of reaction is shown in Table 1 . Microsphere-free supernatant from centrifuged suspensions produced similar hemodynamic reactions as did the suspensions themselves, indicating that the Tween 80 solutions rather than the microspheres, per se, were responsible for the adverse reactions. This response was also obtained with Tween 80 solutions never in contact with microspheres. However, prolonged contact between Tween solutions and microspheres seemed to increase the probability of adverse reactions, since .05% Tween 80-microsphere suspen- Type A reaction, which involved hypotension. Hypotensive reactions subsequent to microsphere injections have been noted by others as well (51, but have not been attributed to the surfactant. Since Tween 80 solutions, both with and without microspheres, produced similar hemodynamic changes in the present study, it was concluded that the surfactant, rather than the microspheres, were responsible for the adverse reactions. 4 sions, which had been in contact for several weeks, but prior to injection had been centrifuged and washed twice with saline, still frequently produced adverse reactions (Table 1) . Dextran alone did not produce detectable hemodynamic changes. When dry microspheres were freshly suspended in .Ol% Tween 80 solution, adverse reactions were rarely noted.
The occurrence of adverse reactions subsequent to .05% Tween 80 solution injections could not be repeated in the same animal on subsequent injections in the same day, despite return of cardiac and hemodynamic parameters to preinjection control values. However, 24-48 h after the initial reaction a second adverse reaction could be evoked with injection of Tween 80 solution.
In addition to the reaction involving systemic hemodynamic changes (Type A), we observed milder adverse reactions involving a reduction in cardiac dimensions without detectable systemic effects (Type B). The effect of the surfactant would have been overlooked in these cases if cardiac dimensions were not measured (Fig. 2) . Moreover, the effect would have been more difficult to observe in the open-chest anesthetized dog, where cardiac size is diminished (14) . The observation in conscious dogs that cardiac size fell while left ventricular systolic pressure and heart rate did not change implies that wall tension fell, which would lower myocardial oxygen requirements and consequently alter myocardial blood flow. This latter aspect gains importance in view of the fact that suspensions of radioactive microspheres and Tween 80 are widely used to determine the distribution of intramyocardial blood flow (1, 5, 6, 9) .
DISCUSSION
Tween has been reported to have extremely low toxicity; subcutaneous injections in rats have failed to significantly increase mortality until a dose of 0.25 ml of 12% Tween 80 solution was injected each week for 27 wk (11) . However, a related polyoxylated fatty acid derivative (Tween 20) has been reported to release endogenous stores of histamine, increase capillary permeability, and result in an anaphylacticlike syndrome (4, 10) . The similarity between these findings and those reported in this paper are noteworthy, especially considering the The onset of the observed cardiac size changes or systemic hypotension occurred from 30 s to 2 min after the beginning of microsphere injections. Potential errors in regional myocardial flow determinations should be anticipated in cases in which the adverse effect had an early onset (30 s), but should be minimal in cases in which cardiovascular effects occurred later (2 min) since the microspheres should have been distributed prior to the change in hemodynamics.
However, in both instances, subsequent flow determinations would be seriously compromised if an injection were undertaken during recovery from the adverse response. Subsequent injections of microspheres should be carried out only after cardiac size, arterial pressure, heart rate, and indices of contractility have returned to control, which in these animals occurred within 0.5 h, but in other animals occurred much later where more than 2 ml of .05% Tween was injected.
